1,2--Mannosidase catalyzes the specific cleavage of 1,2--mannose residues from protein-linked N-glycan. In this study, a novel DNA sequence homologous to the authentic 1,2--mannosidase was cloned from a cDNA library prepared from solid-state cultured Aspergillus oryzae. The fmanIB cDNA consisted of 1530 nucleotides and encoded a protein of 510 amino acids in which all consensus motifs of the class I -mannosidase were conserved. Expression of the full length of 1,2--mannosidase cDNA by the Aspergillus host, though it has rarely been done with other filamentous-fungal mannosidase, was successful with fmanIB and caused an increase in both intracellular and extracellular mannosidase activity. The expressed protein (FmanIBp) specifically hydrolyzed 1,2--mannobiose with maximal activity at a pH of 5.5 and a temperature of 45 C. With Man 9 GlcNAc 2 as the substrate, Man 5 GlcNAc 2 finally accumulated while hydrolysis of the 1,2--mannose residue of the middle branch was rate-limiting. To examine the intracellular localization of the enzyme, a chimeric protein of FmanIBp with green fluorescent protein was constructed. It showed a dotted fluorescence pattern in the mycelia of Aspergillus, indicative of the localization in intracellular vesicles. Based on these enzymatic and microscopic results, we estimated that FmanIBp is a fungal substitute for the mammalian Golgi 1,2--mannosidase isozyme IB. This and our previous report on the presence of another ER-type mannosidase in A. oryzae (Yoshida et al., 2000) support the notion that the filamentous fungus has similar steps of N-linked glycochain trimming to those in mammalian cells.
1,2--Mannosidase catalyzes the specific cleavage of 1,2--mannose residues from protein-linked N-glycan. In this study, a novel DNA sequence homologous to the authentic 1,2--mannosidase was cloned from a cDNA library prepared from solid-state cultured Aspergillus oryzae. The fmanIB cDNA consisted of 1530 nucleotides and encoded a protein of 510 amino acids in which all consensus motifs of the class I -mannosidase were conserved. Expression of the full length of 1,2--mannosidase cDNA by the Aspergillus host, though it has rarely been done with other filamentous-fungal mannosidase, was successful with fmanIB and caused an increase in both intracellular and extracellular mannosidase activity. The expressed protein (FmanIBp) specifically hydrolyzed 1,2--mannobiose with maximal activity at a pH of 5.5 and a temperature of 45 C. With Man 9 GlcNAc 2 as the substrate, Man 5 GlcNAc 2 finally accumulated while hydrolysis of the 1,2--mannose residue of the middle branch was rate-limiting. To examine the intracellular localization of the enzyme, a chimeric protein of FmanIBp with green fluorescent protein was constructed. It showed a dotted fluorescence pattern in the mycelia of Aspergillus, indicative of the localization in intracellular vesicles. Based on these enzymatic and microscopic results, we estimated that FmanIBp is a fungal substitute for the mammalian Golgi 1,2--mannosidase isozyme IB. This and our previous report on the presence of another ER-type mannosidase in A. oryzae (Yoshida et al., 2000) support the notion that the filamentous fungus has similar steps of N-linked glycochain trimming to those in mammalian cells.
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1) The enzyme 1,2--mannosidase (also known as class I -mannosidase) catalyses the cleavage of 1,2--mannose residues from protein-linked high mannose oligosaccharides. Based on its intracellular localization and catalytic specificity, mammalian 1,2--mannosidase has been subdivided into the ER-type and Golgi-type categories.
2) With respect to filamentous fungi, 1,2--mannosidases have been cloned from Penicillium (P. citrinum), Aspergillus (A. saitoi, A. nidulans), and Trichoderma (T. reesei).
3-7)
All these enzymes are monomeric, with Mr approximately 50-60 K, and show maximal activity in the semiacidic condition (pH 4-6). Although their mode of action toward high mannose oligosaccharide (trimming of Man 9 GlcNAc 2 to Man 5 GlcNAc 2 ) suggests a functional similarity to mammalian Golgi 1,2--mannosidase, 8) their site of localization has not been experimentally determined.
By a biochemical approach, A. oryzae was shown to have a 1,2--mannosidase that acts on Man1-2Man but not on pNP--Man.
9) The fungus was traditionally used for food fermentation in Japan, while modern microbial technology has improved it as an effective host for heterologous protein production. For instance, previously we produced the recombinant class I -mannosidase (P. citrinum) by A. oryzae with a yield of over 20 mg/ l. 10) This enabled us to perform X-ray crystallography of the enzyme. 11) Aspergillus oryzae is known to show maximal protein secretion when grown on steamed grains. 12, 13) This technique, called ''solid-state culture,'' is not only effective in protein production but also provides a model of fungal growth in nature because many filamentous fungi, including pathogenic Aspergillus, prefer apical growth on solid wet materials. A recent genomics study revealed that the gene expression profiles of A. oryzae differed in liquid-submerged conditions (LS) and solid-state growth (SS). 14) Subtractive mRNA analysis of A. oryzae identified 22 genes as being strongly (almost solely) expressed in SS, while 9 genes were solely expressed in LS.
14) The third group contained 12 genes that were expressed from the early stage of SS (20-27 h), while moderate expression of these genes was observed in the late stage of LS (after 50 h). Although the relevance of the two-way expression in the third group is not fully understood, partial sequencing of each gene using expressed sequence tag (EST) and BLAST analysis suggest that one gene among the group was homologous to the authentic class Imannosidase. 14) In this study, we expressed the gene by an Aspergillus host and characterized the protein product (FmanIBp). Although the past expression of 1,2--mannosidase by filamentous fungi was successful only when the hydrophobic N-terminal peptides were deleted or replaced, successful expression of the entire coding region of fmanIB by Aspergillus host enabled us to investigate the intracellular localization of the enzyme. Visualization of a chimeric protein of FmanIBp fused with green fluorescent protein (GFP) is the first microscopic information on the localization of 1,2--mannosidase in the hyphae of filamentous fungi.
Materials and Methods
Materials. Enzymes and chemicals were obtained from the following sources: Restriction endonucleases from Fermentas (Hanover, MD); PCR enzymes from
, and methyl 6-O--D-mannopyranosyl--Dmannopyranoside (Man1-6Man-OMe) from Sigma (St. Louis, MO); Man 9 GlcNAc 2 -PA, Man 8 GlcNAc 2 -PA (isomers M8A, M8B, M8C), Man 7 GlcNAc 2 -PA (isomers M7A, M7B, M7D), Man 6 GlcNAc 2 -PA (isomers M6B, M6C), Man 5 GlcNAc 2 -PA, and glycopeptidase F (N-glycanase) from Takara (Tokyo); and kifunensine and 1-deoxymannojirimycin from Toronto Research Chemicals (Toronto). Anti-MsdCp antiserum was prepared in our previous study.
3) Anti-GFP antiboty (raised in rabbit) was from Molocular Probes (Carlsbad, CA). Alkaline phosphatase conjugated anti-rabbit-IgG antibody was from Boehringer Mannheim (Indianapolis, IN).
Cloning and expression of fmanIB. In our previous study, we isolated a fragment of partial cDNA (AOS22) that showed similarity to the genes of authentic 1,2--mannosidases. 14) Another cDNA (JZ6036) containing the nucleotide sequence AOS22 was obtained by in silico screening of A. oryzae EST database (http://www. nrib.go.jp/ken/EST/db/index.html or http://www.aist. go.jp/RIODB/ffdb/EST-DB.html) (manuscript in preparation). The entire nucleotide sequence of the clone JZ6036 was analyzed in accordance with the dideoxynucleotide chain termination method, using a BigDye terminator cycle sequencing kit (Perkin-Elmer, Boston, MA) and an ABI Prism 310 automated DNA sequencer (Perkin-Elmer). We confirmed that the full length of the cryptic gene ( fmanIB) was contained in the clone. An Aspergillus oryzae genomic library was constructed using the Lambda FIXII kit (Stratagene, La Jolla, CA) in accordance with the supplier's instructions. A genomic DNA containing fmanIB was isolated from the library by the standard method. The nucleotide sequence of the genomic fmanIB was obtained by analyzing the DNA as described above. Homology searches against databases were performed using BLAST algorithms on the National Center for Biotechnology Information web server (http://www.ncbi.nlm.nih.gov:80/BLAST/). The full length of ORF for fmanIB was amplified by PCR with primers ATGCATTTTTCATCGCTCTCATTGCC and TATATACAACTACGCCGCCACCCTAA with the template of DNA extracted from Escherichia coli EST clone JZ6036. A blunt-ended fragment of fmanIB DNA was inserted into the SmaI site of the fungal vector pUSA (7.2 kb, containing part of the ATP-sulfurylase gene for the complementation of sC) 15) downstream of the amylase promoter (PamyB) (Fig. 1) . The mannosidase expression vector (pUSAM) was introduced into A. oryzae NS4, a sulfate auxotroph (sC), and an autotrophic transformant (strain 22A1) was selected using minimal agar (Czapek-Dox medium), as described in the previous study. C for 72 h. Mycelia were removed by filtration; subsequently, proteins in the culture supernatant were precipitated with 75% saturated ammonium sulfate. After centrifugation, the pellets were dissolved in 10 mM sodium acetate buffer (pH 5.5) containing 1.8 M ammonium sulfate, and this was loaded onto a Butyl Toyopearl column. Proteins were eluted in buffer containing 1.7, 1.4, and 1.2 M ammonium sulfate. The initial part of the 1.2 M elution was collected, dialyzed against 10 mM sodium acetate buffer (pH 5.5), and then applied to a Super Q Toyopearl column. FmanIBp was eluted in a linear gradient of NaCl (0 to 0.12 M) in the same buffer. Fractions containing FmanIBp were collected, dialyzed against 10 mM sodium acetate buffer (pH 4.0), and loaded onto a CM Toyopearl column. FmanIBp was eluted in a linear gradient of NaCl (0 to 0.15 M) in the same buffer. Homogeneous fractions were pooled and used for characterization. Protein content was determined by the method of Lowry et al. 16) using bovine serum albumin as a standard. SDS/ PAGE was carried out by the method of Laemmli 17) with an authentic standard protein (Precision Plus, Bio-Rad, Hercules, CA). Immunoblotting was performed using anti-MsdCp antibody (rabbit), as described previously.
3)
Alkaline phosphatase conjugated anti-rabbit IgG (Boehringer Mannheim, Indianapolis, IN) was used as the secondary antibody.
When the intracellular and extracellular mannosidase activities were compared, the mycelia were grown in 100 ml of DPY medium at 30 C for 72 h. The protein in the culture supernatants was precipitated by 75% saturated ammonium sulfate, then centrifuged. The pellets were dissolved in 10 mM sodium acetate buffer (pH 5.5), followed by dialysis in the same buffer (the extracellular fraction). The mycelia were ground in a mortar with the buffer added, then centrifuged at 8;000 g for 20 min. The supernatant was dialyzed in the same buffer (the intracellular fraction).
-Mannosidase assays. Assay mixtures containing 20 mg Man1-2Man-OMe and the enzyme in a total volume of 100 ml with 20 mM sodium acetate (pH 5.5) were incubated at 30 C. The reaction was terminated by heating, and the reducing sugars were determined by the method of Park and Johnson. 18) A mixture without enzyme was used as a control in each instance. One katal of 1,2--mannosidase was defined as the amount of enzyme that liberated 1 mol of mannose per s at 30 C. Where high mannose sugar was the substrate, assay mixtures containing 50 mM sodium acetate (pH 5.5), 10 pmol Man 9 GlcNAc 2 -PA, and the enzyme in a total volume of 10 ml were incubated at 30 C. The reaction was stopped by heating for 5 min. Subsequently, the mixtures were filtered using a centrifugal membrane filter (0.2 mm) prior to HPLC analysis. Detailed conditions used for HPLC are described in the figure legends.
Deglycosylation of FmanIBp. Approximately 10 mg of FmanIBp was boiled for 5 min in a solution containing 0.5 M Tris-HCl (pH 8.6), 0.5% SDS, and 10 mM dithiothreitol. After dilution of it, a deglycosylation mixture, which contained 1% Nonidet P-40, 0.1 M Tris-HCl (pH 8.6), 0.1% SDS, 2 mM dithiothreitol, the denatured protein, and glycopeptidase F (2 mU, Takara, Tokyo), was incubated overnight at 37 C.
Construction of fungal strains for subcellular fluorescence analysis. In this experiment, we used segfp, a mutant GFP gene that encodes a GFP double mutant (S65T and F64L). The plasmid pUC118H-seGFP (an E. coli vector containing segfp) was kindly provided by Dr. Katsuya Gomi of Tohoku University, Sendai, Japan. The segfp DNA was amplified by PCR using the primers (GGAAACAGCTATGACCATGATTACG and AAAC-TAGTGGCCGCTTTACTTGTACAGCTC for the sense and antisense strand respectively) and pUC118-gfp DNA as the template. The segfp DNA was ligated to the 3 0 -teminus of the fmanIB open reading frame at the SpeI site. The chimera DNA was inserted at the SmaI site 3 0 -downstream of amyB promoter in the fungal expression vector pUNA (niaD marker, 9.4 kb).
19) The plasmid for chimera expression pUMG (11.7 kb) was transfected to A. oryzae niaD300 (nitrite auxotroph, niaD). Next, autotrophic transformants were selected using a minimal agar (Czapek-Dox medium). Thirty-one autotrophic clones appeared on the selective medium and nine showed an increase in intracellular mannosidase activity. A single clone with the highest activity (strain MG) was chosen for microscopic analysis. In another experiment, DNA of segfp was inserted at the SmaI site of pUNA to yield an expression plasmid, pUG (10.3 kb), that was then used to transform A. oryzae niaD300. Three autotrophic clones were obtained, and the expression of GFP was checked by PAGE of the cellular extract in a native condition at pH 8.9. Extracts from each clone showed a fluorescent signal of SEGFP under UV-light illumination. A single clone (strain GFP) was chosen as a control in subsequent microscopic analysis.
Fluorescence microscopy. For microscopic observations, fungal spores were inoculated on minimal agar (Czapek-Dox medium containing 1% glucose) that was spread on a glass slide and covered with a cover glass. The plate was incubated at 30 C for 24 h and used for microscopic observation. The periphery of the cover slip was sealed with a liquid manicure. Fluorescence microscopy was carried out using an Olympus BX50 microscope having a mercury-vapor lamp system (Olympus BHZ-RFL-T3, Tokyo, Japan) and CCD camera (Photometrics Image Point, Photometrics, Tucson, AZ). Fluorescence of SEGFP was observed with an Olympus U-MGFPHQ excitation cube. The magnification of the eye piece was 10Â, and for the objective, 100Â. The mycelia of the host strain (niaD300) did not show any detectable fluorescence in this condition.
Results
Cloning and expression of fmanIB The fmanIB gene in the genome consisted of a total of 1,639 nucleotides and contained two introns (Fig. 2) . The fmanIB cDNA consisted of 1,530 nucleotides that encoded a polypeptide of 510 amino acid residues with 6 N-glycosylation motifs. The molecular size (Mr) of the entire polypeptide was estimated to be 56,630. The predicted FmanIBp had all the amino acid motifs that are highly conserved among class I -mannosidases.
11)
The scores of amino acid identity in the alignment with other class I -mannosidases were as follows: 79% with A. saitoi (protein ID; BAA08634), 78% with P. citrinum (BAA08634), 77% with A. nidulans (AAG48159), 50% with T. reesei (AAF34579), 35% with C. elegans (NP 506006), 36% with human IA (NP 006690), 35% with mouse IA (AAA17747), 34% with mouse IB (AAC34829), 33% with lepidopteran (AAB62720), 32% with human IC (AAF97058), 29% with human ER (AAD45504), and 28% with S. cerevisiae ER protein (NP 012665). When fmanIB was expressed by A. oryzae, the amount of intracellular and extracellular 1,2--mannosidase activities increased over 20-fold and 17-fold (strain 22A1) respectively as compared to the host strain (NS4). With strain 22A1, the ratio of intracellular 1,2--mannosidase activity to the extracellular was about 4:1.
Molecular properties of FmanIBp
FmanIBp was purified from the culture supernatants of strain 22A1 by three steps of column chromatography with a yield of 9.8% (Table 1) . Purified FmanIBp showed a molecular size of approximately 67 K on SDS/PAGE (Fig. 3, left) . This protein was not observed in column chromatography when the same amount of culture supernatants of the host strain (strain NS4) was treated by the same purification procedure and analyzed Putative N-glycosylation sites are underlined. Catalytically important acidic amino acids in class I -mannosidases 33) are in bold italics. Introns and noncoding regions are written in small letters. Part of the nucleotide sequence (from 382 to 600) was obtained with the primary clone (AOS22), which was subsequently used as a probe in cloning the entire fmanIB gene. The sequence data of fmanIB have been submitted to the DDBJ/EMBL/GenBank database under accession no. AB069647.
by SDS/PAGE. After Glycopeptidase F dgestion, the size of FmanIBp decreased to approximately 50-61 K (Fig. 3, right) . This suggests that 6-17 K as Mr of Nlinked sugar was attached to the enzyme. Heterogeneity in the sizes of the deglycosylated protein was reproducibly observed, and it was also observed by immunodetection with anti-MsdCp antibody (data not shown). These observations indicate that FmanIBp might have glycosylation other than the N-linked oligosaccharide. N-terminal amino acid sequencing of the intact and the deglycosylated FmanIBp was unsuccessful, probably due to an unknown modification of the N-terminal amino acid residue.
Enzymatic characterization of FmanIBp
FmanIBp hydrolyzed Man1-2Man-OMe with the maximal at pH 5.5 in 100 mM sodium acetate buffer, and the hydrolysis was above 50% between pH 4.5 and 6.5. With respect to the effect of temperature, the highest activity was shown at 45 C at pH 5.5, while 60% activity and 14% activity were observed at 60 C and 65 C respectively. The enzyme did not act on pNP--mannoside, Man1-3Man-OMe, or Man1-6Man-OMe at all, indicating a strict 1,2--linkage specificity. It lost 96% activity after dialysis in 50 mM PIPES buffer (pH 6.0) containing 2 mM EDTA. The addition of Ca 2þ or Mg 2þ (10 mM each) recovered 100% and 43% of the enzymatic activity respectively. Other divalent cations, Mn 2þ , Co 2þ , Zn 2þ , and Cu 2þ , (10 mM each) had no effect on the recovery of enzyme activity. Kifunensine and 1-deoxymannojirimycin, inhibitors of class Imannosidase, were inhibitory for FmanIBp, with 50% inhibition observed at 1.5 mM and 200 mM respectively. Swainsonine, a Class II -mannosidase inhibitor, did not inhibit the enzyme at all.
Cleavage of high mannose oligosaccharides
The mode of action of FmanIBp toward highmannose sugars was examined using fluorolabeled substrates and HPLC. Man 6 GlcNAc 2 -PA was apparently the main constituent in the reaction mixture after digestion of Man 9 GlcNAc 2 -PA for 3 h (Fig. 4A) . But Man 5 GlcNAc 2 -PA finally accumulated in the reaction mixture without further hydrolysis. Peaks of isomers M8B+M7B, M8C, and M7D were predominantly observed when the reaction products were analyzed on reversed phased HPLC during the course of Man 9 GlcNAc 2 -PA digestion (Fig. 4C) . When M7D was the substrate, M6C predominated in the reaction mixture (Fig. 4D) .
Expression of FmanIBp:SEGFP chimera protein
We first examined the effect of culture condition on the expression of FmanIB:SEGFP chimera protein.
When strain MG was grown in DPY medium at 30 C, FmanIB:SEGFP was detected in the mycelia of 24 h culture, though the signal diminished as the culture extended (Fig. 5A) . The extracellular FmanIB:SEGFP was only faintly detected in a medium of 24 h culture (data not shown). When strain MG was grown in a minimal medium at 30 C, the chimera protein was detected in the mycelia up to 48 h culture (Fig. 5B) . In this condition, the extracellular FmanIB:SEGFP was less than the detectable level in every period of culture. These results indicate that the chimera of FmanIB: SEGFP existed in the mycelia of strain MG while prolonged culture or growth in a rich medium were not effective in keeping the intracellular chimeric protein for a longer period.
Fluorescence microscopy of FmanIBp:GFP On fluoroscopic analysis we observed that the fluorescence was homogeneously dispersed in the cytosol of the Aspergillus strain expressing only GFP (strain GFP) (Fig. 6C) . On the other hand, a strain that expressed chimeric FmanIBp:GFP (strain MG) showed a dotted pattern of fluorescence in the fungal mycelia (Fig. 6A-B) . The dotted signals were seen rather evenly distributed in the cells. Because ER is known to give a network-like image around the nucleus on fluoroscopy, 20) it was assumed that the fluorescence of FmanIBp: GFP was due to vesicles other than ER. When the fungal growth was extended (48 h), the cell walls of both the strains GFP and MG had nonspecific fluorescence that interfered with the detection of GFP-derived fluorescence (data not shown).
Discussion
Members of the class I -mannosidase family have a type II transmembrane topology with a hydrophobic Nterminal peptide. 21) In many cases, the N-terminal was replaced with another peptide in order to improve secretion. 22, 23) The hydrophobic N-terminal amino acid peptide of Penicillium 1,2--mannosidase was replaced with N-terminal 20 residues of aspergillopepsin I when it was overexpressed in A. oryzae.
10) While these techniques resulted in a high yield of secreted enzyme in the culture media, attempts to express the intact polypeptide of the fungal mannosidase by the fungal hosts have not been successful, except in the case of Trichoderma mannosidase, which was expressed by Pichia. 7) We expressed the intact ORF of the Aspergillus -mannosidase by A. oryzae host in this study. This system paved the way to investigation of physiological functions, particularly localization of the enzyme in the fungal hyphae.
There is a controversy on the true localization of 1,2--mannosidase in the filamentous fungi. Many of mammalian class I mannosidases are Golgi enzymes but similar enzymes have been purified from the extracellular media of filamentous fungi. 3, 5, 7, 9) In the case of A. oryzae, a majority of 1,2--mannosidic activity was detected in the intracellular fraction, while the enzyme was purified from the culture media. We tried to monitor the distribution of FmanIB:GFP between intracellular and extracellular fractions, but the chimera protein was not stable enough to chase for a long period (Fig. 5) . This might be due to the proteolysis of artificial chimera, but the microscopic results gave clues to speculation as to the localization of FmanIBp at an early growth-phase in the fungal cell. A chimeric protein of FmanIBp and GFP showed a dotted pattern of fluorescence in the cells at 24 h of growth. This pattern obviously differed from the fluorescent images reported in ER, nuclei, and vacuole of filamentous fungi. 20, 24, 25) When other fungal secretory enzymes were fused with GFP, intense fluorescence was observed near (or at) the tip, cell wall, and septa regions of Aspergillus hyphae. [26] [27] [28] In comparison with the fluoroscopic images reported, our result with GFP-labeled FmanIBp suggests that the enzyme probably localized in the intracellular vesicles other than ER, nuclei, and vacuole. Many fungi are supposed to have organelles that are equivalent to the Golgi system, 29) while its detailed structure has not been fully described with the filamentous fungi. In this context, FmanIBp might be located in the Golgi system in Aspergillus.
By comparing the results obtained from our biochemical and microscopic experiments, a cellular mechanism that transports the intracellular enzyme to the extracellular space can be inferred with the filamentous fungi. In case of Penicillium, 1,2--mannosidase was purified from the extracellular media of wild-type culture, and the enzyme lacked N-terminal 35 amino acid residues.
3)
It is plausible that the extracellular FmanIBp lacked an N-terminus, although the amino acid sequencing was not successful. To date intracellular protein transport is not fully understood with regard to the filamentous fungi, while constitutive secretion is discussed in the case of Aspergillus. 29) In this scheme, certain proteins synthesized in ER are carried to the plasma membrane by vesicles. The relationship of the transport vesicles to the Golgi system is not clearly understood. 29) A mechanism that transports such a glycochain-modifying enzyme to the fungal cellular surface is to be expected, although very few reports on this are available. 30) As to glycosylation of the enzyme, FmanIBp had six N-glycosylation motifs and is estimated to have 6-17 K of N-glycan attached. Prior to this work, 1,2--mannosidase of A. saitoi that had eight N-glycosylation motifs was cloned. 5) On expression of the N-terminal-lacking polypeptide of A. saitoi 1,2--mannosidase by A. oryzae, the molecular size (Mr) was shown to be 63 K, and that decreased to 53 K after glycopeptidase F treatment. 8) This suggests that 1,2--mannosidases of the genus Aspergillus have more N-glycosylation than the Penicillium enzyme, which has less than 2 K (as Mr) of glycan at three sites for N-glylcosylation. 3, 11) With respect to the mode of action on high mannose oligosaccharide (Man 9 GlcNAc 2 ), two forms of Man 8 -GlcNAc 2 (M8B and M8C) appeared as intermediates during cleavage at approximately equal rates (Fig. 4C) . M8A was negligibly observed in the digestion of M9. When M7D was the substrate, M6C was the major (Fig. 4D) . The fact that M6B was negligibly made in the hydrolysis of M7D suggests that M7B is less present in the hydrolysis of M9, though M8B and M7B were not clearly separated on HPLC. This suggests that the terminal 1,2--mannose residue in the middle branch is less susceptible to cleavage than the other branches as in the case of other fungal class I -mannosidases.
8)
Thus the major intermediates in the trimming of M9 by FmanIBp were assumed to be M8B, M8C, M7D, M6C, and M5. This pattern is similar to that observed with A. saitoi 1,2--mannosidase. 8) On the basis of substrate specificity and preference in high mannose trimming, we estimated that FmanIBp is a fungal substitute for the isozyme IB of mammalian Golgi -mannosidase.
31)
A. oryzae is also known to have another type (ER-type) of 1,2--mannosidase that specifically cleaves M9 to form M8A. 32) This suggests that the filamentous fungus, unlike the yeast S. cerevisiae which does not have Golgi-type 1,2--mannosidase, 21) has an enzymatic system similar to those of mammalian cells at the basic part of N-glycan biosynthesis.
We succeeded in constructing a fmanIB-disrupted A. oryzae strain. Studies using the disruptant are now in progress, and they might reveal the major biological function of fmanIB in A. oryzae. Additionally, the biological significance of the enhanced transcription of fmanIB in SS has not been clarified. This appears to be an interesting subject for further investigation in the field of fungal biology, although a substantial part is yet to be investigated.
